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0 Digital high definition television receiver with features that facilitate trick-play nriodes on a digital 
vcr. 



® A high-definition television receiver includes cir- 
cuitry to decode a received high-definition television 
signal to produce a digital data stream representing 
the corresponding high-definition television image. In 
addition, the receiver includes circuitry which gen- 
erates a signal representing a reduced resolution 
image from the decoded data stream. The receiver 
provides both the high-definition television signal and 
the reduced resolution signal at an output port. A 



video tape recorder (VTR) receives the two signals, 
segments them and formats them onto the tape in a 
manner which allows a majority of the reduced reso- 
lution segments to be recovered and displayed in at 
least one of the VTR's trick-play modes. The re- 
duced resolution image may be from the same 
channel or from a different channel and may also be 
displayed as an inset picture (PIX-IN-PIX) in the 
main high-definition image. 
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This application is a continuation-in-part of ap- 
plication serial number 08/021248 entitled DIGITAL 
HIGH DEFINITION TELEVISION VIDEO RECORD- 
ER WITH TRICK-PLAY FEATURES which was filed 
on February 23. 1993. 

BACKGROUND OF THE INVENTION 

The present invention concerns high definition 
television receivers and in particular a receiver 
which processes a received high definition video 
signal to produce data representing both a high 
resolution image and a low resolution image for 
recording by a VCR. 

Digital high definition television production 
schemes have been under development for several 
years. These schemes typically produce higher 
quality television images and sound than conven- 
tional television systems. To do this, these systems 
convey more information than is conveyed in a 
conventional television signal. 

Recent regulations issued by the Federal Com- 
munications Commission (FCC), however, require 
that this larger amount of information be sent within 
the same band of frequencies as a conventional 
television signal. To fit the relatively large band- 
width High Definition Television (HDTV) signal into 
a standard television channel, the information con- 
tent of the HDTV signal must be compressed. 

Because of the relatively large degree of spa- 
tial redundancy and temporal redundancy in the 
HDTV signals, relatively high levels of data com- 
pression can be achieved for most television sig- 
nals. 

One such compression method, by which spa- 
tial redundancy is removed from a television signal, 
generates discrete cosine transform representa- 
tions of blocks of the image. This representation 
resolves an image frame into coefficient values 
representing its various spatial frequency compo- 
nents. Portions of an image which are the same 
from pixel to pixel or which exhibit a repetitive 
pattern are resolved from many pixel values to a 
relatively small number of frequency coefficient 
values. In addition, since the human eye is less 
sensitive to quantization errors in image compo- 
nents having high spatial frequencies than in image 
components having relatively low spatial frequen- 
cies, the high spatial frequency coefficients may be 
quantized more coarsely than the low spatial fre- 
quency coefficients to further reduce the amount of 
data used to represent the image. 

Temporal redundancy in an image may be 
removed by encoding only the areas of a given 
frame which are different from corresponding areas 
of a previously encoded frame. This is generally 
known as predictive coding. Temporal redundancy 
can be further exploited to achieve even higher 



levels of data compression by performing motion 
compensation. Using this scheme, before a image 
block is encoded, the blocks surrounding it in a 
previously encoded frame are searched for the one 
5 block which most closely matches the block in the 
current frame. The current block is then subtracted 
from the matching block in the previous frame and 
only the difference values are encoded. 

An exemplary video image compression sys- 

w tem which employs motion-compensated predictive 
encoding techniques is that proposed by the Mo- 
tion Picture Experts Group (MPEG) and described 
in the document entitled "Coded Representation of 
Picture and Audio Information" ISO- 

75 IEC/JTC1/SC2WG11 N0010 MPEG 90/41 dated 
July 25. 1990. 

Other encoding techniques are also used in the 
MPEG system such as run-length coding, in which 
strings of identical values are encoded as a smaller 

20 number of values; and variable length coding, in 
which frequently occurring data values are as- 
signed a digital code value having fewer bits than 
less frequently occurring data values. 

Whatever encoding technique is used the 

25 HDTV signal must be decoded before it can be 
displayed. For predictively encoded or motion 
compensated predictively encoded HDTV signals, 
the decoding apparatus may include one or more 
frame memories which hold images that have al- 
so ready been decoded. The pixel values held by 
these memories are used to reconstruct the predic- 
tively encoded data in the current frame. 

Using MPEG encoding techniques, HDTV sig- 
nals having a data rate of k>etween 600 and 1200 

35 Megabits per second (Mbps) can be compressed 
to produce a signal having a data rate of less than 
20 Mbps. As with other terrestrial broadcast sig- 
nals, consumers will want to be able to receive, 
display and record signals representing high reso- 

40 lution video images with little no loss of resolution. 

On first analysis, the compression of HDTV 
signals should be beneficial for recording the sig- 
nals on home use Video Cassette Recorders 
(VCR's). since these units typically have only a 

45 limited bandwidth available for recording video sig- 
nals. For example, a paper by C. Yamamitsu et al. 
entitled "A Study on Trick-plays For Digital VCR". 
IEEE Transactions on Consumer Electronics . Vol- 
ume 37, No. 3. August. 1991. PP. 261-266, dis- 

50 closes a home use VCR having a recording rate of 
27 Megabits per second (Mbps). A typical HDTV 
signal, prior to encoding, has a bit-rate of 600 
Mbps. Compression methods such as MPEG can 
reduce these HDTV signals to have a bit-rate of 

55 approximately 18 Mbps without noticeably degrad- 
ing the image quality when the compressed signal 
is expanded. 
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The problem with predictively encoded HDTV 
signals does not occur in recording or in nomnal 
playback modes but in trick-play modes such as 
fast-forward and reverse in which the video image 
is displayed at a higher rate than that at which it 
was recorded. 

The following is a description of the problem. 
Video information is recorded on a VCR in data 
blocks referred to as slices, which represent fixed- 
size portions of an image. As described above, 
some slices are encoded using intra-frame tech- 
niques while others are encoded using predictive 
techniques. The data blocks representing the slices 
are recorded as they occur in the video data 
stream. The amount of data in a slice may vary 
from slice-to-slice. This variation occurs because of 
the relative coding efficiencies of the slices In the 
original HDTV signal. Slices which represent still 
portions of a multi-frame image or which represent 
portions having relatively little variation may be 
encoded using a relatively small number of data 
values. Image portions containing a high level of 
detail and having no corresponding portions in pre- 
viously encoded frames may require a significantly 
larger number of data values when they are en- 
coded. 

When the image signals are read from the tape 
during normal playback each slice of each frame is 
read from the tape in sequence. If the coding 
method which produced the HDTV signals used 
predictive coding techniques the recorded data in- 
cludes both intra-frame coded data and predictively 
coded data. In normal playback as the data is 
removed from the tape the pixel values for the 
intra-frame encoded portions are stored in a mem- 
ory and are available for use in reconstructing the 
predicted frames. 

In a fast-forward trick-play mode, however, not 
all of the slices are recovered. If some of the slices 
that are not recovered are from an intra-coded 
frame, then their data values will not be available 
when con^esponding predictively encoded slices 
are read from the tape. Consequently it may not be 
possible to properly reconstruct the predicted 
frame for display. 

Because of the difficulties of recovering pre- 
dicted frames in trick-play modes most of the pro- 
posed methods for recording digitally compressed 
(bit-rate reduced) signals have restricted the en- 
coding techniques that are used to encode data for 
recording on video tape recorders (VTR's). includ- 
ing VCR's. to exclude predicted frames. Exemplary 
systems of this type are describ»ed in an article by 
C. Yamamitsu, et aJ. entitled "An Experimental 
Study for a Home-Use Digital VTR". IEEE Transac- 
tions on Consumer Electronics , Volume 35. No. 3. 
August 1989, PP. 450-457. and in a paper by J. 
Lee et al., entitled "A Study on New DCT-Based 



Bit Rate Reduction Algorithm and Variable Speed 
Playback For A Home-Use Digital VCR", IEEE 
Transactions on Consumer Electronics , Volume 38. 
No. 3. August 1992. PP. 236-242. As described 

5 above, since these systems do not use predicted 
frames, they cannot compress data with the effi- 
ciency of a system which does use predicted 
frames. Consequently, for the same compression 
ratios, they cannot achieve the same levels of 

10 detail in the reproduced image as a system, such 
as MPEG, which uses motion-compensated predic- 
tive coding techniques. 

SUMMARY OF THE INVENTION 

The present invention is emtjodied in a digital 
television receiver which decodes a received high- 
definition television signal to produce data repre- 
senting a low resolution image. Data representing 

20 both the high resolution image and the low resolu- 
tion image is provided by the television receiver at 
an output port. 

According to one asf>6ct of the invention, the 
high-resolution and low-resolution data streams are 

25 provided to a digital VCR. The VCR interleaves the 
data representing the low resolution image with the 
data representing the high resolution image in such 
a manner that a substantial portion of the data 
representing the low resolution image can be re- 

30 covered by the VCR in a predetermined trick-play 
mode. 

According to another aspect of the invention 
the receiver includes a single high definition televi- 
sion decoder which is used to produce the low 
35 resolution image data and to produce the high 
resolution video display of the television receiver. 

According to yet another aspect of the inven- 
tion, the television receiver includes a separate low 
resolution decoder which is used to produce the 
40 low resolution image data. This low resolution im- 
age data is also used by the television receiver to 
produce a picture-in-picture (PIP) display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Rgure 1 is a block diagram of a television 
receiver which includes an exemplary embK>diment 
of the invention. 

Rgure 2 is a block diagram of a television 
50 receiver which includes an alternate emt»odiment of 
the invention. 

Rgure 3 is a block diagram of a low resolution 
HDTV decoder suitable for use in the television 
receiver shown in Rgure 2. 
55 Rgure 4 is a block diagram of recording cir- 

cuitry for a VCR suitable for use with the present 
invention. 
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Figure 5 is a block diagram of replay circuitry 
for the VCR shown in Figure 4. 

Figure 6 is a graphical representation of a 
segment of video tape which is useful for explain- 
ing the VCR recording format used with the present 
invention. 

Figure 7 is a graphical depiction of a segment 
of video tape which is useful for describing a first 
sequencing of low resolution and high resolution 
image data in accordance with the present inven- 
tion. 

Figure 8 is a graphical depiction of a segment 
of video tape which is useful for describing a 
second sequencing of low resolution and high reso- 
lution image data in accordance with the present 
invention. 

Figure 9 illustrates a group of image frames 
which would be produced using the data sequen- 
cing scheme shown in Rgure 7. 

Rgure 10 illustrates of a group of frames which 
would be produced using the data sequencing 
scheme shown in Rgure 8. 

DETAILED DESCRIPTION 

Overview 

Each of the television receivers described be- 
low, which embody the present invention, produce 
two separate data streams. One data- stream repre- 
sents an HDTV video signal which has been en- 
coded using both intra-frame and motion com- 
pensated encoding techniques. The second data 
stream represents a low resolution image which is 
sufficient for display in trick-play modes and which 
may be efficiently compressed to a relatively small 
number of data values using only intra-frame en- 
coding techniques. 

The two data streams are provided by the 
television receiver either as a single multiplexed 
stream or as two independent streams. In the VCR, 
each of the data streams is separated into rela- 
tively small data segments which are time-division- 
multiplexed for recording on the tape. The seg- 
ments of at least one of the data streams are 
identified by a header. In the exemplary embodi- 
ment of the invention, the low resolution segments 
have fixed minimum and maximum lengths and 
recorded at predetermined locations on the tape. 
These locations are selected to be in the path of 
the tape head during selected trick-play modes. 

Two alternative trick-play display modes are 
disclosed. In the first mode, a rotating segment 
from each frame is displayed to produce a com- 
plete image composed of different parts of each 
frame. In the second mode, images from single 
frames are displayed but only for selected frames 
in the sequence of frames (e.g. every third frame). 



Data representing the full compressed Image is 
also recorded on the tape so that, in normal play 
modes, a complete high definition image may be 
recovered and displayed. 

5 

DETAILED DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

Figure 1 is a block diagram of a television 
10 receiver in accordance with a first exemplary em- 
bodiment of the invention. In this embodiment, a 
digital data stream representing a baseband HDTV 
video signal is received at terminal 110. This data 
stream may be provided, for example, by a televi- 
75 sion tuner (not shown) followed by a demodula- 
tor/decoder (not shown) which recovers a 32 state 
quadrature amplitude modulated (32-QAM) signal. 

This data stream is applied in parallel to a 
conventional HDTV decoder 112. a fIrst-in-first-out 

20 (FIFO) memory 124 and to a clock generator 134. 
The HDTV decoder 1 12 is the main decoder for the 
television receiver. If the HDTV video signal is 
encoded according to the motion-picture experts 
group (MPEG) standard, then the HDTV decoder 

25 112 may Include circuitry (not shown) to expand 
run length encoded and variable length encoded 
data, circuitry (not shown) to reverse the adaptive 
quantization applied in the MPEG encoding pro- 
cess, an inverse discrete cosine transform (IDCT) 

30 decoder (not shown), and a frame memory (not 
shown) for reversing any motion compensated en- 
coding which may have been performed in the 
MPEG encoder. 

The exemplary HDTV encoder 112 produces 

35 blocks of pixel values representing a high definition 
video image. In this embodiment of the invention, 
these blocks may Include 64 pixels arranged in an 
8x8 matrix. 

To produce a high definition television image. 

40 the blocks of pixel values are applied to a block to 
raster converter 136. This circuit, which may In- 
clude a frame memory buffer (not shown), pro- 
duces pixel values in raster scan order which are 
applied to post processing circuitry 138. The cir- 

45 cuitry 138 uses well known techniques to process 
the raster scan pixel values provided by the cir- 
cuitry 136 to generate analog red (R) green (G) and 
blue (B) signals and to regenerate horizontal and 
vertical synchronization signals (SYNC). These sig- 

50 nals are used to drive a video display (not shown) 
to reproduce the high definition image sequence. 

The blocks of pixel values provided by the 
decoder 112 are also applied to circuitry 114 which 
low pass filters and subsamples or decimates the 

55 blocks of pixel values to produce pixel values re- 
presenting a reduced resolution image. In the ex- 
emplary embodiment of the invention the blocks of 
pixel values are subsampled by a factor of 1/2 in 
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^' each of the horizontal and vertical directions. Ac- 
cordingly, each block of 64 pixels which is applied 
to the filter and decimate circuitry 114 produces a 
block of 16 pixels. The low-pass filter component of 
the block 114 acts as an antialiasing filter. 

These 16 pixel blocks reblocked into 64 pixel 
blocks which are applied to a discrete cosine trans- 
form circuit 116. As in the MPEG encoding stan- 
dard the OCT block 116 transforms the pixel values 
in each block into a block of coefficient values each 
representing a respectively different spatial fre- 
quency component of the block of pixel values. 
The blocks of coefficient values produced by the 
DCT 116 are applied to adaptive quantization cir- 
cuitry 118. This circuitry adjusts the quantization 
resolution (i.e. number of bits) used to represent 
each of the DCT coefficients in response to a 
signal provided by a controller 132. To generate 
this signal the controller 132 monitors the volume 
of data produced in the process of encoding the 
reduced resolution image. 

After the adaptive quantization step, the quan- 
tized coefficient values are applied to a variable 
length coder 120. The coder 120 includes both run 
length encoding circuitry, which reduces multiple 
identical data values to a smaller number of data 
values, and variable length encoding circuitry, 
which assigns shorter code words to more fre- 
quentiy occurring data values and longer code 
words to less frequently occurring data values. The 
output data values provided by the variable length 
code circuity 120 are applied to a FIFO memory 
122 

The data provided by ttie variable length code 
circuitry 120 is inherently bursty. Data values are 
only provided when the circuitry 120 has a block of 
data to encode and even then, the amount of data 
provided depends on the efficiency with which the 
circuitry can encode the data. 

Data is entered into the FIFO memory using a 
clock signal BCK provided by the variable length 
code circuitry 120. This signal has one pulse per 
data value during the bursts of data provided by 
the coder 120. Data is read from tiie Rfo 122 using 
an auxiliary read ctock (ARCK) signal. 

The high definition video signal 110 is written 
into the FIFO memory 124 using a main write clock 
(f^WCK) signal and read from the FIFO 124 using 
a main read clock (MRCK) signal. The signals 
MWCK and AWCK have substantially the same 
frequencies as do the signals RCK and WOK gen- 
erated by the clock generator 134. 

In the exemplary embodiment of the invention, 
the clock generator 134 produces the write clock 
signal WCK having substantially the same frequen- 
cy as the sampling clock signal used by the HDTV 
video signal 110 and produces the read clock sig- 
nal RCK having a frequency determined by a reso- 
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nant crystal 135. The signal MWCK is has the 
same frequency as ttie signal WCK and the signals 
MRCK and ARCK have the same frequency as the 
signal RCK. The difference in frequency between 
5 the signals WCK and RCK is related to ttie dif- 
ference between the maximum data rate supported 
by the HDTV video signal and the maximum data 
rate which may be recorded on the digital VCR. 
As described above the data rate for the HDTV 
10 video signal is approximately 18 MHz. while an 
exemplary data rate which may be recorded on the 
digital VCR is approximately 25 MHz. By speeding 
up ttie data stream representing the HDTV video 
signal from a data rate of 18 MHz to a data rate of 
75 25 MHz. gaps are made available in the data 
stream for recording an auxiliary data sti-eam repre- 
senting the low resolution image. 

In ttie first exemplary embodiment of ttie inven- 
tion, the controller 132 detemnines when to switch 
20 between the main. HDTV video signal and the 
auxiliary, low resolution video signal. The controller 
132 monitors the main address (MAD) used to 
write data into the FIFO 124 and ttie auxiliary 
address (AAD) used to write data into ttie FIFO 122 
25 in order to determine when to switch between the 
two data streams. The signal MAD indicates ttie 
space available in the FIFO 124 and the signal 
ADD indicates ttiat a fixed-size block of low-resolu- 
tion data is ready to be inserted into the data 
30 stream. When the signal MAD indicates ttiat suffi- 
cient space exists in the FIFO 124 to store the 
largest number of HDTV signal that could be pro- 
vided while ttie low-resolution block is added to the 
data sti-eam, the controller 132 conditions the mul- 
35 tiplexer 130 to switch to provide the low-resolution 
block. 

In this instance, the controller 132 first switches 
to provide, as its output signal MV. an auxiliary 
header word (A HEAD) from digital values source 
40 128 and then to provide a block of digital values 
from the FIFO 122 at ttie read clock rate (ARCK). 
When the block of auxiliary video data has been 
provided the controller 132 switches back to the 
main video signal by first causing the multiplexer 
45 132 to provide the main header word (M HEAD) 
from the digital value source 126 and then to 
provide the contents of ttie FIFO 124 at ttie read 
clock rate (MRCK). Thus the output signal MV 
produced by ttie multiplexer 130 includes inter- 
so leaved data blocks representing the main, high 
definition video signal and the auxiliary, reduced 
resolution video signal. This signal is processed by 
ttie VCR as described below with reference to 
Rgure 4. 

55 Rgure 2 is a block diagram of a television 

receiver which includes an alternative emt)odiment 
of the present invention. This receiver includes two 
tuners so that the signal for one television program 
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may be displayed on the video display device (not 
shown) while a signal for another television pro- 
gram is supplied to the VCR for recording, both In 
high definition and low definition modes. In addition 
the circuitry shown in Figure 2 allows the low 
definition video signal to be displayed as a small 
Inset picture in the main video signal (i.e. as a part 
of a picture-in-picture display). 

In the circuitry shown in Figure 2. RF television 
signals, for example, from a wideband amplifier 
(not shown) are applied in parallel to a main tuner 
230 and to an auxiliary tuner 210. Tuner 230 se- 
lects the main television signal from the RF televi- 
sion signals and demodulates the main signal to 
produce a baseband modulated digital signal. The 
signal produced by the tuner 230 is applied to a 32 
QAM demodulator 232. The demodulator 232 pro- 
duces a digital data stream from the baseband 
signal provided by the tuner 230. This signal is 
then applied to channel decoding circuitry 234. 

The circuitry 234 may include, for example, 
error correction circuitry (not shown) as well as 
circuitry (not shown) which separates the audio, 
video and data signal components from the HDTV 
video signal. The video signal produced by the 
decoding circuitry 234 is applied to a conventional 
HDTV decoder 236. This decoder may be identical 
to the decoder 112 shown in Rgure 1. 

As described above, the output of the HDTV 
decoder 236 are successive blocks of pixel values 
representing a high definition television image. 
These blocks are applied to one data input port of 
a multiplexer 238. The other input port of the 
multiplexer 238. as described below, is coupled to 
receive blocks of pixel values representing a low 
resolution image. 

The multiplexer 238 is controlled by a signal, 
PIP, to pass the high definition blocks from the 
decoder 236 when a high definition image is to t»e 
displayed and to pass the low resolution blocks 
when a reduced resolution image (i.e. an inset 
picture-within-a-picture is to be displayed). The sig- 
nal PIP may be generated by conventional circuitry 
(not shown) which controls the substitution of 
blocks of pixel values from the reduced resolution 
Image for blocks of the high-definition image to 
produce a composite image in which the low-reso- 
lution image is displayed as an inset in the high- 
definition image. 

The pixel blocks provided by the multiplexer 
238 are applied to a block to raster converter 240. 
As described above the converter 240 transforms 
the blocks of pixel values into a sequence of data 
values representing a raster-scanned image. The 
values provided by the converter 240 are applied 
to post processing circuitry 242. This circuitry may 
be identical to the post processing circuitry 138 
described above with reference to Rgure 1 . It pro- 



< 

duces R, G, B and SYNC signals which control the 
video display device to reproduce the HDTV image 
of the main channel with an Inset picture from the 
auxiliary channel. 

5 In the auxiliary channel the RF television sig- 

nals are applied to a tuner 210, 32 QAM de- 
modulator 212 and channel decoding circuitry 214 
which may be identical to the corresponding cir- 
cuitry 230. 232 and 234 described above. The 

10 signal selected by the auxiliary tuner 210, however, 
may be different from that selected by the tuner 
230. 

The output signal of the channel decoding cir- 
cuitry 214 is a high resolution signal HRV which, as 

75 described below with reference to Figure 4. is 
applied to one of two parallel input ports of a digital 
VCR. This signal is also applied to a low resolution 
HDTV decoder 216. The decoder 216 processes 
the video signal to produce blocks of samples 

20 representing a reduced resolution image. 

In the exemplary embodiment of the invention, 
- is low resolution image has approximately one- 
half the resolution of the HDTV image in both the 
vertical and horizontal directions. Exemplary cir- 

25 cuitry suitable for use as the decoder 216 is de- 
scribed below with reference to Figure 3. 

The low resolution blocks of pixels produced 
by the decoder 216 are applied to the second 
signal input terminal of the multiplexer 238 de- 

30 scribed above. These pixel blocks are also applied 
to a discrete cosine transform processor 218. The 
circuit 218 generates blocks of coefficient values 
representing the magnitude of respectively different 
spatial frequency components of the reduced reso- 

35 lution image. 

These coefficient values are then applied to a 
quantizer 220 which encodes the coefficient values 
according to respectively different fixed quantiza- 
tion factors based on their respective spatial fre- 

40 quencies. In the exemplary embodiment of the 
invention, the higher the spatial frequency repre- 
sented by the coefficient value the fewer number of 
bits are allowed to represent the value by the 
quantizer 220. 

45 The quantized coefficients provided by the cir- 

cuitry 220 are then applied to a variable length 
coder 222. In the exemplary embodiment of the 
invention, this encoder may be identical to the 
encoder 120 described above. The output signal of 

50 the encoder 222 is the signal LRV which is applied 
to the second input port of the VCR. 

It is noted that while the signal HRV may 
include both intra-frame encoded pixel values and 
predictively encoded pixel values, the signal LRV 

65 includes only intra-frame coded values. These val- 
ues are easier to decode because they do not 
require corresponding values from a previous 
frame. 
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Figure 3 is a block diagram of circuitry suitable 
for use as the low resolution HDTV decoder 216 
shown in Rgure 2. In this circuitry the signal HRV 
is applied to a variable length decoder 310. The 
exemplary decoder 310 which, in this exemplary 5 
embodiment of the Invention assumes that the sig- 
nal has been encoded according to the MPEG 
standard, reverses the variable length and run 
length coding operations. 

The decoder 310 produces two output signals. 10 
a decompressed digital data stream representing 
quantized DCT coefficients and data values repre- 
senting motion vectors. The motion vectors are 
used to decode pixel values which were encoded 
using motion compensated encoding techniques. 75 
The quantized DCT coefficients are applied to an 
inverse quantizer 312. This quantizer reverses the 
adaptive quantization which was performed as part 
of the MPEG encoding algorithm. 

The inverse quantizer 312 produces blocks of 20 
data values representing respectively different spa- 
tial frequency components of the high definition 
television signals. These components are applied 
to inverse discrete cosine transform circuity 314 
which processes the coefficient values to repro- 25 
duce the underlying pixel values. The blocks of 
pixel values provided by the inverse DCT circuitry 
314 are applied to circuitry 316 which decimates 
the blocks horizontally and vertically to reduce their 
resolution by a factor of one-half. The reduced 30 
pixel blocks provided by the circuitry 316 are then 
applied to one input port of an adder 322. 

The other input port of the adder is coupled to 
receive corresponding pixel values from a partial 
frame memory 320. as determined by the motion 35 
vectors retrieved from the digital data stream by 
the variable length decoder 310. In the exemplary 
embodiment of the invention, since the image 
blocks are decimated by one-half both vertically 
and horizontally, the motion vectors provided by 4o 
the circuitry 310 are scaled in circuitry 318 so that 
they will point to corresponding image data stored 
in the partial frame memory 320. 

Thus the blocks of pixel values provided by the 
partial frame memory 320 correspond, to within the 45 
resolution of the scaled motion vectors, to the 
blocks of pixel values provided by the circuitry 316. 
As described atx)ve. the motion vectors in the 
encoded data stream point to blocks of pixel values 
which serve as t>ase values for blocks of pixel so 
values that are encoded using motion-compensated 
differential encoding techniques. 

Both the base blocks of pixel values and the 
decoded differential pixel values are summed by 
the adder 322 to produce blocks of reduced resolu- 55 
tion video image pixel values. These values are 
then stored in the partial frame memory 320. As 
described at>ove the adder 322 applies its output 



signal in parallel to the DCT circuitry 218 and to 
the second data input port of the multiplexer 238 
as shown in Rgure 2. 

Rgure 4 is a block diagram of circuitry suitable 
for use in a digital VCR which records the high 
definition and low resolution signals provided by 
the television receivers shown in Rgures 1 and 2. 

If the signal is provided as a single multiplexed 
digital data stream, as in the television receiver 
shown in Rgure 1. the multiplexed signal MV is 
applied in parallel to a demultiplexer 410 and to 
circuitry 412 which identifies the various data seg- 
ments in the multiplexed data stream. The circuitry 
412 identifies the segments by recognizing the 
main and auxiliary header words M HEAD and A 
HEAD. The circuitry 412 controls the demultiplexer 
410. causing it to provide data representing the 
high resolution image to a buffer 416 and data 
representing the low resolution image to a buffer 
414. Alternatively, if the signals HRV and LRV 
representing the respective high resolution and low 
resolution images are provided in parallel, as in the 
circuitry shown in Rgure 2, they may be.received 
directly by the buffers 416 and 414, respectively, 
as shown by the broken-line signal paths in Rgure 
4. 

In the exemplary embodiment of the invention 
the demultiplexer 410 also acts to remove the 
headers M HEAD and A HEAD which were inserted 
by the multiplexer 130 shown in Rgure 1. Con- 
sequently the data stream stored in the buffer 416 
is the encoded HDTV signal 110 as shown in 
Rgure 1. In the same manner the data values 
stored in the buffer 414 represent a reduced reso- 
lution video image which has been encoded using 
intra-frame coding techniques. 

The encoded low resolution signal provided by 
the buffer 414 is applied to a circuit 418 which 
segments the data into relatively small blocks, that 
may be fixed in length, and inserts header informa- 
tion at the start of each block. The data represent- 
ing the low resolution signal is segmented such 
that the pixel values represented by each block 
may be reproduced without reference to any other 
block. If a segment is larger than needed to hold a 
compressed block, the remaining space in the seg- 
ment is padded with dummy data values. Alter- 
natively, the compressed low resolution segments 
may t^e variable in length up to a fixed maximum 
length. In this instance, the length of the low reso- 
lution segment may be stored In the segment 
header. As descrit>ed t>elow. if the encoded low- 
resolution segment is too long to be completely 
recovered by the tape head in bick-play mode, the 
pixel values represented by the missing data are 
reconstructed using conventional error concealment 
techniques. 
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The data values representing the high resolu- 
tion image are retrieved by circuitry 424 from the 
buffer 416. The circuitry 424 divides the data val- 
ues into segments and. optionally, inserts header 
information at the start of each segment. 

In the exemplary embodiment of the invention 
each segment of the low resolution data desirably 
represents a portion of an Image which may be 
decoded without reference to any other segment. 
That is to say. each segment of the low resolution 
data represents an independent slice of the low 
resolution image. 

The segments of the high resolution image are 
not so limited. Since data in these segments is 
recombined before the high resolution image is 
displayed, as described below with reference to 
Figure 5, a slice of the high resolution image may 
be spilt across multiple high resolution data seg- 
ments. The segments produced by the circuitry 
424 are applied to one signal input port of a 
multiplexer 420. the other signal input port of which 
is coupled to receive segments of the reduced 
resolution image provided by the circuitry 418. 

The circuits 418. 420 and 424 are all under 
control of circuitry 428 which is responsive to sig- 
nals provided by the VCR recorder (not shown) to 
alternately apply segments of the high definition 
and low resolution image data to achieve a pre- 
determined pattern on the tape. Exemplary patterns 
are described below with reference to Figures 6, 7 
and 8. 

The output signal of the multiplexer 420 is 
applied to circuitry 422 which formats the data 
values for recording. The circuitry 422 may include, 
for example, an error correction code (ECC) en- 
coder (not shown), a channel encoder (not shown) 
and a recording amplifier (not shown). 

The control signals received by the circuitry 
428 from the recording apparatus allow the en- 
coder shown in Rgure 4 to position the segments 
of the high resolution video information and the 
reduced resolution video information at predeter- 
mined locations in each track on the tape. 

tn addition to recording externally supplied en- 
coded HDTV signals, the circuitry shown in Rgure 
4 allows high definition luminance (Y) signals and 
chrominance (C) signals to be encoded and re- 
corded. The Y and C signals are produced, for 
example, by a high definition video camera, and 
are applied to an HDTV encoder 426. The output 
signal of the encoder 426 is applied as an alternate 
input to the circuitry 424 which segments the data 
and inserts header information. 

In the exemplary embodiment of the Invention 
the HDTV encoder 426 uses only Intra-frame en- 
coding techniques. This circuitry also includes a 
second output port which provides a low resolution 
version of the image data. This image data may be 



provided, for example, by zeroing the high fre- 
quency coefficients in both the horizontal and verti- 
cal directions in the coefficient blocks produced by 
the discrete cosine transform circuitry (not shown) 

5 used in the HDTV encoder 426. After these high 
frequency coefficient values are zeroed, the result- 
ing values would be quantized, run length coded, 
and variably length coded as in the MPEG stan- 
dard. This low resolution output signal is applied as 

10 an alternate input to the circuitry 418 which Inserts 
the header values in the low resolution Image seg- 
ments. 

Although the exemplary embodiment of the 
invention describes the HDTV encoder 426 as us- 

75 ing only intra-frame encoding techniques, it is con- 
templated that the encoder may use both intra- 
frame and motion compensated encoding tech- 
niques. In this instance, the encoder 426 would 
also provide a low-resolution intra-frame encoded 

20 output signal to the circuitry 418. 

Rgure 5 is a block diagram of circuitry in the 
VCR which recovers the data from the tape and 
provides either the high resolution HDTV signal or 
the low resolution signal for display, based on the 

25 position of a trick-play switch 538. 

In the processing circuitry shown in Figure 5. 
data from the tape is provided to circuitry 510 
which decodes the data to reproduce digital values. 
The decoder circuitry 510 may include, for exam- 

30 pie, a head amplifier (not shown), a detector (not 
shown) and a ECC decoder (not shown). Digital 
values provided by the circuitry 510 are applied to 
a demultiplexer 522. In addition, the circuitry 510 
provides signals to a circuit 520 which recognizes 

35 header information in the recorded data stream and 
Identifies segments of the low resolution and high 
resolution image signals. 

In the exemplary embodiments of the inven- 
tion, only the high resolution signals are processed 

40 for display in normal-play mode and only the low 
resolution signals are processed for display In trick- 
play mode. Accordingly, the trick-play switch 536 
may selectively disable either the high resolution or 
low resolution decoding circuitry. 

45 The segment identification information pro- 

duced by the circuitry 520 is applied to control 
circuitry 524. The circuitry 524 produces an output 
signal which is applied to the control Input terminal 
of demultiplexer 522. Responsive to this signal. 

50 demultiplexer 522 applies blocks of data represent- 
ing the low resolution signal to circuitry 526 and 
blocks of data representing the high resolution im- 
age to circuitry 528. Under control of the circuitry 
524 the circuit 526 deletes the header Information 

55 from the low resolution encoded video data and 
applies the result to intra-frame decoding circuitry 
532. The circuitry 532 reverses the intra-frame en- 
coding which was performed by the circuitry, de- 
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scribed above with reference to Rgures 1 and 2. to 
produce low resolution lunninance (YO and 
chrominance (CO signals. These signals are ap- 
plied to a low resolution frame memory 534. This 
memory, which is used to convert the blocks of s 
data to raster form, may be identical to the mem- 
ory 320 described at>ove with reference to Rgure 
3. That is to say. it may contain only one-quarter of 
the pixel values that are contained in a conven- 
tional frame memory. ;( 

The control circuitry 524 also controls the cir- 
cuit 528 causing it to delete any header information 
which may have been appended to the segments 
of high definition encoded video signal. The cir- 
cuitry 528 also recombines the segments of the 15 
high-resolution image into a data stream which is 
substantially identical to the received base band 
compressed video signal shown in Figures 1 and 2. 
The signal produced by the circuitry 528 is applied 
to an HDTV decoder 530 which processes it to 20 
produce full resolution luminance (Yh) and chromin- 
ance (Ch) component HDTV signals. 

The signals Yl' and Cl', which are retrieved 
from the partial frame memory 534. are cipplied to 
one pair of data input ports of a multiplexer 536 25 
while the signals Yh and Ch produced by the HDTV 
decoder 530 are applied to a second pair of signal 
input ports of the multiplexer 538. The multiplexer 
536 is controlled by the trick-play switch 538 to 
provide the low resolution signals in trick-play dis- 30 
play mode and to provide the high resolution sig- 
nals in normal play mode. When the low-resolution 
signal is provided from the memory 534. it may be 
expanded, for example, by repeating each pixel 
value and each line of pixel values to generate 35 
signals representing a full-sized image. 

Figure 6 is a diagram of a segment of tape 
which shows an exemplary pattern for recording 
segments of high resolution and low resolution 
image data. In Rgure 6 as well as in Rgures 7 and 4o 
8. the low resolution image data is represented by 
the shaded blocks, for example 620. 622 and 624 
while the high resolution Information is represented 
by the unshaded blocks for example 612, 614. 616 
and 618. In Rgure 6 each of these blocks Is shown 45 
as including two segments, a header segment (e.g. 
61 2h) and a data segment (e.g. 61 2d). Although it 
is not shown, in the exemplary embodiment of the 
invention each of the low resolution image seg- 
ments may also include a header segment. Alter- 50 
natively only one of the image segments may 
include header information so long as this header 
information includes the length of the segment. In 
this instance, the VCR would treat any data follow- 
ing the defined segment length as a segment of 55 
the other type until the next header Is found. 

In Figure 6 the high definition image data is 
contained in the data segments 61 2d, 61 4d. 61 6d 



and 61 8d. When the header information is removed 
from these segments and their data values concat- 
enated, a conventional high resolution image data 
stream is produced. Interspersed among these high 
resolution data segments are the low resolution 
segments 620 and 622. During normal replay these 
segments are ignored by the VCR. In trick-play 
mode, however, when the tape head follows the 
path indicated by the arrow 611. only these seg- 
ments are recovered. 

In the present invention, two methods of re- 
cording low resolution image information are con- 
templated. These are illustrated by Rgures 7 and 9 
on the one hand and by Rgures 8 and 10 on the 
other hand. Rgure 7 illustrates a segment of video 
tape in which only pKtrtions of each Image frame 
are recorded for the low resolution signal. In Rgure 
7 the low resolution data segments of the first nine 
tracks are used to record the top one-third of frame 
1. The low resolution segments of the next nine 
ti-acks are used to record the middle one-third of 
frame 2 and the low resolution segments In the 
following sets of nine tracks are used to record the 
t)ottom one-third of frame 3 and then the top one- 
third of frame 4. 

The image recovered in trick-play mode using 
the scheme shown in Figure 7 is illustrated in 
Rgure 9. This Rgure shows four successive im- 
ages produced during trick-pfay mode. The top 
portion 910 of the first image is tiie top one-tiiird of 
frame 1. the middle portion 912 is the center por- 
tion of frame 2 and the bottom of the first image is 
the lower portion of frame 3. In the next succeed- 
ing image these portions of frames are taken from 
frame 4-916. frame 5-918 and frame 6 - 920. 

Alternatively as shown in Rgures 8 and 10. 
every ttiird frame may be recorded in its entirety 
for recovery during trick-play mode. As shown in 
Rgure 8. the low resolution image segments for 
frame 1 would be recorded across 27 consecutive 
tracks, the next 27 tracks would contain the low 
resolution image segments for frame 4. As shown 
in Figure 10. during trick-play mode, the succes- 
sive frames 1010. 1012. 1014 and 1016 would 
correspond to frame 1 , frame 4. frame 7 and frame 
10 of the high resolution image. During replay in 
trick-play mode, since only every third frame would 
be displayed, the reproduced image would appear 
to be increased in speed by a factor of three. 

Another aspect of the invention concems the 
relative timing of the low resolution and high reso- 
lution images as they are recorded on tape. In the 
embodiments descritied above the low resolution 
image receives considerable processing in the tele- 
vision receiver while the high resolution is passed 
with relatively little processing. Accordingly, frames 
of the high resolution image may be recorded on 
the tape before corresponding frames at the low 
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resolution image. Since the trick-play modes are 
generally perceived as providing only an approxi- 
mate location on the tape, this difference in display 
timing should not be a problem. 

It may be desirable however to modify this 
timing so that the tow resolution Image frames are 
recorded on the tape prior to the high resolution 
frames. The low resolution signal may then be 
used as a preview signal for the high resolution 
signal. This may be useful for editing features in 
the VCR, allowing an operator, during normal play 
modes, to recover both high resolution and low 
resolution images and to view the low resolution 
versions of upcoming frames while transferring 
high resolution image data for the current frame. 

With reference to Figure 1. a delay of the type 
contemplated here may be implemented by in- 
creasing the size of the FIFO memory 124. In the 
embodiment of the invention shown in Rgure 2. the 
realignment of the main and auxiliary video signals 
may be implemented by inserting a delay element 
(not shown) in the path between the output of 
channel decoding circuitry 214 and signal HRV 
applied to the VCR. 

While the invention has been described in 
terms of an exemplary embodiment it is contem- 
plated that it may be practiced as outlined above 
within the spirit and scope of the appended claims. 

Clalnns 

1- A high-definition television receiver capable of 
decoding a high-definition video signal that 
was encoded using both intra-frame and pre- 
dictive encoding techniques comprising: 

means for receiving the encoded high-defi- 
nition video signal; 

decoding means for decoding the encoded 
high-definition video signal to produce a de- 
coded digital signal representing a high-defini- 
tion video image; 

decimating means, responsive to the de- 
coded digital signal, for decreasing the number 
of samples in the decoded digital signal to 
produce a decimated video signal representing 
a video image having a reduced number of 
picture elements; 

means for encoding the decimated video 
signal, using intra-frame encoding techniques 
to the relative exclusion of predictive encoding 
techniques, to produce an encoded low-resolu- 
tion video signal; and 

output means for providing both the en- 
coded high-definition video signal and the en- 
coded low-resolution video signal. 

2. A high-definition video signal processing ap- 
paratus capable of decoding a high-definition 



video signal that was encoded using both intra- 
frame and predictive encoding techniques 
comprising: 

means for receiving the encoded high-defi- 

5 nition video signal; 

decoding means for decoding the encoded 
high-definition video signal to produce a de- 
coded digital signal representing a high-defini- 
tion video image; 

10 decimating means, responsive to the de- 

coded digital signal, for decreasing the number 
of samples in the decoded digital signal to 
produce a decimated video signal representing 
a video image having a reduced number of 

15 picture elements; 

means for encoding the decimated video 
signal, using Intra-frame encoding techniques 
to the relative exclusion of predictive encoding 
techniques, to produce an encoded low-resolu- 

20 tion video signal; 

output means for providing both the en- 
coded high-definition video signal and the en- 
coded iow-resolution video signal; 

a video tape recorder (VTR). having at 

25 least one trick-play mode, coupled to receive 

the encoded high-definition video signal and 
the encoded low-resolution video signal pro- 
vided by the output means, the VTR including: 
means for separating each of the encoded 

30 high-definition video signal and the encoded 

low-resolution video signal Into respective seg- 
ments; 

means for interleaving ones of the seg- 
ments of the high-definition video signal with 
35 respective ones of the segments of the en- 

coded low-resolution video signal to produce a 
combined signal; 

means for recording the combined signal 
on the video tape such that a substantial por- 
40 tion of the encoded tow-resolution signal is 

recovered by the VTR in the trick-play mode. 

3. A high-definition video signal processing ap- 
paratus according to claim 2, further Including: 

45 means, coupled to the decoding means 

and including a display device, for processing 
the decoded digital signal to reproduce the 
high-definition video image on the display de- 
vice. 

50 

4. A high-detinition video signal processing ap- 
paratus according to claim 2, further Including: 

means for receiving a further encoded 
high-definition video signal; 
55 further decoding means for decoding the 

further encoded high-definition video signal to 
produce a further decoded digital signal repre- 
senting a further high-definition video image; 
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and 

means, coupled to receive the further de- 
coded digital signal and the decimated video 
signal for processing the received signals to 
reproduce the high-definition video image on s 
the display device and to reproduce the re- 
duced resolution video image as an inset in 
the high-definition video image. 

5. A television receiver according to claim 1. ;o 
wherein: 

the encoded high-definition video signal is 
encoded using both intra-frame and predictive 
encoding techniques; 

the decimating means reduces the number is 
of samples in the decimated video signal by a 
factor of one-fourth relative to the decoded 
digital signal. 

6. A high-definition television receiver and record- 20 
er which facilitates image reproduction in trick- 
play modes comprising: 

means for receiving a high-definition video 
signal which was encoded using both intra- 
frame and predictive encoding techniques 25 
comprising: 

decoding means for decoding the encoded 
high-definition video signal to produce a de- 
coded digital signal representing a high-defini- 
tion video image; 30 

decimating means, responsive to the de- 
coded digital signal, for decreasing the number 
of samples in the decoded digital signal to 
produce a decimated video signal representing 
a video image having a reduced number of 35 
picture elements; 

means for encoding the decimated video 
signal, using intra-frame encoding techniques 
to the relative exclusion of predictive encoding 
techniques, to produce an encoded low-resolu- 40 
tion video signal; 

a video tape recorder (VTR), having at 
least one trick-play mode, coupled to receive 
the encoded high-definition video signal and 
the encoded low-resolution video signal, the 4S 
VTR including: 

means for separating each of the encoded 
high-definition video signal and the encoded 
low-resolution video signal into respective seg- 
ments; 50 

means for interleaving ones of the seg- 
ments of the high-definition video signal with 
respective ones of the segments of the low- 
resolution video signal to produce a combined 
signal; 55 

means for recording the combined signal 
on the video tape such that a substantial por- 
tion of the encoded low-resolution signal is 



recovered by the VTR in the trick-play mode. 

7. A high-definition television receiver and record- 
er according to claim 6 further comprising: 

means for receiving a further encoded 
high-definition video signal; 

further decoding means for decoding the 
further encoded high-definition video signal to 
produce a further decoded digital signal repre- 
senting a further high-definition video signal; 
and 

means, coupled to receive the further de- 
coded digital signal and the low-resolution vid- 
eo signal, for processing the received signals 
to reproduce the high-definition video image 
on the display device and to reproduce the 
reduced resolution video image as an inset in 
the high-definition video image. 

8. A television receiver and recorder according to 
claim 7, wherein: 

the decimating means reduces the number 
of samples in the decimated video signal by a 
factor of one-fourth relative to the decoded 
digital signal. 
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